I* Natlonal Defence Défense Nataonale

* Research and ' Bureau de Recharche
' Development Branch ot Dévelop: - neint

TECHN.LCAL "?EMGPANDUM 84/BB
December 1984

80000504006

AD-A151 594

L CORROSION PROBLEMS |
_IN THE CANADIAN MARITIME FORCES .

" R.S. Hollingshead - .C.M. Hanham

Reproduced From
Best Available Copy

Defence Centre de’

Research Recherches pour ia -
Establishment Défense
Atlantic D Atlantique
I - ELECTE%%
. This document has b ’ | &:;MARZOBSS
s | s‘iz.:;‘.:ﬁi:f,;z??,:,z:,'ﬁdm”“ %

85 03 04 069

~ .‘-"3¢'~'_'.-'.'-"'-’_‘-" ‘-‘_,\ - MENCPLA S W SN ‘. .'b N “ ORI '.“-,a RSN
¥ < .’JJ.AF..NnJu!LJ.’h$ *L"hl&hbﬁ.‘. \ \ L'e ’\ \s‘ “- N “' ‘. »




R

A
2 P Y

TERMS OF RELEASE

THIS DOCUMENT GCONTAINS PROPRIETARY INFORMATION. IT IS
FURNISHED IN CONFIDENCE AND WITH THE EXPRESS UNDERSTANDING
THAT PROPRIETARY ANO PATENT RIGHTS WILL BE RESPECTED.

}v.-.':-.-u, "
LI SR ‘l T4
PRI AL I P

PLEASE Aconess FURTHER ENQUIRES TO:

THE CHMIEF,

DEFENCE RESEARCH ESTABLISHMENT. ATLANTIG
P.0.BOX 1042, DARTMOUTH, N.S., B2Y 327
CANADA .

T Paind s anatiuss
KA
Loe et

S o et ttoar a2

S S Catete ettt

3yt 1Al
¥, ".t‘ ? .A".-"J" .

A "u "a

+
.

N
a4 4, .- 8

L]

e

"DEFENCE RESEARCH ESTABLISHMENT ATLANTIC ' CENTRE DE RECHERCHES POUR LA DEFENSE ATLANTIQUE
9 GROVE STREET ®.0. BOX 1012 o ' ® GROVE STRELT c.p. 1012
DARTMOUTH, N.8. TELEPHONE DARTMOUTH, N.E.
82y 327 . 1902) 428.3100 82Y 327

D'y
- e P

aa Ty Y

A

oy
‘e

¥
a

-
-
» L)

"'"‘-"‘ INCaNC N oy e e I e I T T T S .-, o, s .
URN R *.» >3 $’ --'J- B N N T PGS RS *’.“-.\wi"" SRS AW

i




l* National Defence Défense Nationale

Research and Bureau de Recherche
Development Branch et Développment

 CORROSION PROBLEMS
IN THE CANADIAN MARITIME FORCES

‘R.S.Hollingshead - C.M. Hanham

.

.
.

P.

December _1984

Approved by B.F. Petars A/Director/Technology Division

' DISTRIBUTION APPROVED BY "Q*QI:— -

A/D/TD

. . TECHNICAL MEMORANDUM '84/88B

[T RO PR - RS liigt ol A

Y < PE

o it A '
Defence /i,  Centre de
Research "l M\] Recherches pour la
Establushment {‘ /) Défense
Atlantic /77, i‘*ﬁ Atiantique

’ : Edited version of an oral presentation given .
Can d"' at the Seventh Inter-Naval Corrosion Conference,
dda .Canberra, Australia, 10 April 1984.

“ e~ I AR NI S TR SRR AR Nt l-_ . = ~-';'-‘,~;"‘ '..\0".'|-,|' q,\':..-"‘--.'»\ ‘{‘..,\.,_:,
:.‘.'.f..-_. '\-'\' d‘ -" J-‘Ja’ -‘; ""-I- raTates -',.J'.'-:‘,'( STt e e e W R R -‘,\-.','}r. S L A A e AR,




~

[

~

e

\

. .
, - .
F P a R AN RN~ BREERS i LAARARAAS LR Rt
.

~

~

\

Ry

i e e s s et

e .t.s A o vy W YN,

LT

-

' ABSTRACT
(J//L\‘mi,o- ,
\VInvestigations of corrosion related failures that have taken place on
Canadian naval ships are described. The investigations are divided into three
categories: Machinery, Seawater Systems and Genersl. The Machinery category
includes examples of corrosion problems with desuperheater tubes, gas turbine
engine fuel manifolds, and waste hsat and auxiliary boilers. The Seawater
Systems category describes the erosion corrosion of copper nickel pipes and
pump impellers, and the crevice corrosion of a pump shaft. The.General
category includes corrosion problems with hulls and fasteners. -

'

All of the corrosion problems described cam be elimimated or reduced a
significant degree using modern corrosion control practices;<:5;__;~
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RESUME

Description d’'enquétes concernant des pannes dues & la corrosion & bord
de navires de la marine canadienne. Les enquétes sont regroupées sous trois
catégories: les machines, les installations d'eau de mer et les instsllations
diverses. La catégorie "machines" porte sur des problémes de corrosion comme
ceux des tubes désurchauffeurs, des collecteurs de carburant des turbines a
gaz et des chaudiéres auxiliaires et de récupération des gaz perdus. La
catégorie "installations d'eau de mer"” décrit les problémes de corrosion par
1’eau de mer des tuyaux de nickel-cuivre et des hélices de pompes ainsi que de
corrcsion fissurante d'un arbre de pompe. La catégorie "installations
diverses" comprend des problémes de corrosion des coques et des accessoires.

On peut éliminer ou réduire dans une grande mesure les.ptobtémeé de

‘corrosion présentés en utilisant les pratigques modernes de contrdle de la

corrosion.
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1. INTRODUCTION

\"fbthe wastage of metals due to corrosion is one of the most serious .
engineering problems today and is of great economic concerm™3* The
Canadian Navy is very sensitive to the problems of corrosion ard the
importance of corrosion control not only because of the costs incurred but
slso because of the potential detrimental effects on the operational
capabilities of the ships and the safety of the crew. -——E>,ﬂ II

One of the basic ship design philosophies that should be adhered to is
that all structural components, machinery, and electrical systems will at some
time or other be exposed to the marine environment. - The corrosion engineer
should be consulted early in the design stage when material selecticn is being

considered. With the myriad of alloys available todsy, one cannot expect the

design engineer to have an indepth knowledge of the properties of alloys and
how they will withstand either contiauous or intermittent exposure tc¢ the
marine stmosphere. :

One danger that the Canadian Navy faces which leads to corrosion problems
is the purchase of off the shelf items intended for industrial use. 3mall
quantities of marinized versions are either impossible or extremely expensive
to purchase. For example, a pump that is used for fresh water in industry may
have a stainless steel shaft. The shaft materiai would have to be changed if
the pump was to be used for seawater service.

Materisl substitution by suppliers also leads to corrosion problems. The
personnel in the supply system have no way of knowing (or the time to find
out) if the substituticn is in fact satisfactory. Substitution also occurs
between the supply system and the ships. A ship may have to accept steel
bolts for copper alloy flanges, due to operational commitments, knowing full
well it has the wrong material. However, once the bolts are installed and
either painted or lagged, they are forgotten.

One area fhat can be improved upon without too much difficulty is in the

.communication of corrosion problems to the proper authorities. It is a.
. generally accepted belief that a number of corrosion problems are not reported

by ships®’ staff. Rather than wading th_ough the time consuming but ne-essary
puper work, the items are simply repaired or replaced.

The further step in the process of eliminating & corrosion protlem can
sometimes be the most frustrating. Once the problem has been identified and a
solution has been found, it can be very difficult to have the recommendations
acted upon. It is necessary to get the recommendations to the design
authority or the proper life cycle manager and convince this person that

" material changet are necessary. The onus is on the corrosion engineer ta

ensure that the recommendations are practical and cost effective.

It has been stated many times that the majority of corrosion probleﬁs can

- be solved 'y using generally sccepted corrosion control practices. It would

be possible to significantly reduce the costs of corrosion and improve the
operational capsbilities of the fleet, if these praeticet were impressed

~1-
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upon the design authbrity. the supplier, the stores sy:ten.and the eventual
user. More emphasis should be directed towards corrosion training at all
levels, rather than focusing on corrosion failure analysis as the solution.

This paper discusses some corrosion prcblems that have been
encountered by DREA over the last few years and the recommendations that
have been made to solve them. The case histories are divided into three
categories: machinery, seawater systems and general.

2. MACHINERY
2.1 Solar Saturn Fuel Manifsld

Solar Saturn gas turbines are used to provide suxilary power ornboard
the DDH 280 Tribal Class destroyers. During a post engine failure
ingpection a crack was found in one of the tubes of a fuel manifold
(Figures 1 and 2). This unit distributes the fuel to the burner nozzles in
the gas turbine. : :

The fuel manifolds are made of stainless steel (UNS S34700). The
surrounding operating temperature is approximately 350°F. A macroscopic
exanination of the inside of the cracked tube showed the presence of
numerous microcracks that contained chlorides (Figure 3). Seawater, the
source of chlorides, is an inevitable contaminant which eaters the fuel
tanks through faulty valves. t is normally removed from the fuel through
gravity, centrifuges and coalescers.

A fractozraphic exanination of the surface of s through thickness
crack revesled a trarnsgranular fracture morphology, characteristic of
chloride stress corrosion cracking?.

An investigation into the operastion of the fuel transfer system
revealed that the coslescer units had not beer installed properly and that
seawater was not being removed from the fuel. This problem was corrected
and there have been no further failures of the fuel manifolds.

2.2 Doluggrhentér Tubes

Another problem has been the célcking.in the desuperheater tubes in
two AOR ships HMCS Preserver and HMCS Protoctour (Figure 4).

An inspoctlon of the tube bundlcs revealed cracking in a number’ of
sreas on the tubes. Cracks were found near welded tube ends, in areas
where changes occucred in tho tube diameter, nud at 90°bends (!igurea S5, 6
and 7)

_ These desuperheater tubes are made of austenitic stainless steel (UNS
$30400) an¢ have been in use for approximately 17 yesrs. A notallo;raphic
examination revealed that the tubing had experienced some degree of
sensitization. The resulting carbide precipitation occuring nlons grain
boundnrios ‘ond at slip lines cnn he seen ia Figure 8.




Figure 1 Cracked stainless gteel Solar Satura fuel manifold. :

Pigure 2 Section of stainless steel fucl -anifold fhct failed nesr end =
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rigure 3

Pigure 4.

SEM micrograph of microcracks on inside of
manifold. X492 v

Austenitic stainless steel desuperhcater plbo bundle.
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Cracks in welded stainless steel desupecheater tube ends.
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Sectioned stainless sleel desuperheater tubo showing crack near
chcngo ln tube dlnnotar.
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!i;ﬁro 7 Crack at 90°® bend in stainless steel dcsuporhcate; tube.

Metallograph of custenitic stainless steel desupechester tubde
_material showing carbide prcclpitntlon at min boundnﬂn and
ollp lines. X625
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-~ Although the operating temperature ic only about 200°F, it appears that
long term exposure at this temperature results in sensitization.
Sensitization in combination with .residual stress, increases stainless steel's
susceptibility to stress corrosion cracking in the presence of
chlorides®. Chlorides are a common impurity in marine boiler water and
can be carried over in steam when their concentration becomes too high at
separators. A metallographic examination showed an extensive intergranular
fracture morphology (Figure 9).

It was recommended that the tube material be changed to a lower carbon
stainless steel (UNS S30403) to reduce the risk of sensitization, and that a
stress relief heat treatment be csarried out after either welding or cold
bending. .

2.3 DDH 280°'s

kaste Heat and Auxiliary Boilers

K LA

The cores and coils of the waste heat and auxi lary boilers on the DDH
280 class ships have suffered from a variety of corrosion problems. The steam
system on these gas turbine powered ships is required only for domestic
purposes and is therefore considered to be of low priority importance.

Eha M SN g
»
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The initial waste heat boiler cores were made of austenitic stainless
_steel (UNS S34700) tubes (Figure 10). 1In a very short period of time, these
tubes syffered chloride stress corrosion cracking (Figure 11) and had to be
replaced. As well as being a common impurity in boiler water, chlorides are
also present in the marine atmosphere ingested by the waste heat producing gas
turbine engines. The waste heat boiler cores were redesigned and fabricated
with mild steel. ' '

.8,
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E} Both the coils of the auxiliary boiler, which have always been mild
r steel, and the new mild steel waste heat boiler cores were designed to use
2 deoxygenated water. The feedtank they share, however, is open to the
atmosphere ‘and the water it suppies is rich in dissolved oxygen. The coils of
i the auxiliary boiler have had to be replaced approximately every two years
- since mild steel suffers from oxygen pitting corrosion attack® (Figure
j- 12). It was not long before the new mild steel waste heat boiler cores were
-~ also suffering from pitting corrosion attack due to the presence of dissolved
g oxygen in the boiler water (Flgute 13).
= A decision has been made to replace the mild steel waste heat cores with
o ones made of a superior stainless steel (UNS NO8028). Although this material
t:, will resist both oxygen pitting attack and chloride stress corrosion cracking,
. the auxxliary boiler coils will continue to corrode due to the presence of
% oxygen in the feedwater.
-
~ Hater treatment trf.ls'were carried out using sodium sulfite as a
: : dissolved oxygen scavenger, but the results were inconclugive because of
B coincidental equipmant problems. Sodium sulfite should really be used as a
: . residual dissolved oxygen scavenger in conjunction with a mechanical
o - - deserator®, but a mechanical deaetator cannot be installed because of
! space and weight limitations. .
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FPigure 9

Figure 10

Metallograph of sensitized sfainless steel desuperheater tube
material showing resulting stress corrosion cracking. X156
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Pigure 11

Pigure 12

‘jn" \.\'P--s_s \,
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Metallograph 6f original austenitic stainless steel wute' heat
core material showing mixture of intergranular and transgranular

chloride stress corrosion cracking. X125

1

Sectioned nild steel 1uxiliaty boller coil
pittln; corrosion attack.
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Figure 13

Pigure 14
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Sectioned mild steel waste heat boiler core showing oxygen
pitting corrosion attack

Failure of aluminun.lilicod bronze steam Gnlvc titting by
dealuminification. '
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appropriate alloy.‘

" nickel pipe. The brazolet is used in place of a heavier cast tee.

. smaller brazolets (less than 2-1/2 inches in diameter).

Major engineering modifications of the feedwater supply and treatment
system would have to take place before a satisfactory solution can be found.

2.4 Dealuminification of Aluminum Silicon Bronze

. The DDH 280 Tribal Class destroyers contained a number of systems that
used valves and fittings made of an aluminum silicon bronze alloy (UNS
C95600). These systems included the low pressure steam lines, hydronic
systems and some hot fresh water lines. The problem was found initially in
the low pressure steam lines when a valve body snapped as the valve was being
turned (Figure 14).

A metallographic examination showed that dealuminification attack’

had almost penetrated the walls of the valve (Figure 15). The immediate

‘recommendation was to replace all of the aluminum silicon bronze fittings with
ones made of a material with greater corrosion resistance: leaded tin bronze
(UNS C92200) .

In Lhe meantime, an industrial research contract was initiated to study-
the dealuminification susceptibility of this aluminum silicon broanze alloy. A
corrective heat treatment was eventually found that reduced the alloy's
susceptibility to corrosion attack. However, although the strength properties
of the heat treated alloy were maintained the ductility was greatly
reduced‘ ’,

The replacement of the aluminum silicon bronze alloy with leaded tin
bronze has proved to be successful to date.

3.  SEAWATER SYSTEMS

Seawater is used in a varviety of systems on naval vessels. Its primary
function is fo~ fighting shipboard fires. However, it is also used as ,cooling
water in heat exchangers and condensers. .Today most of the alloys used to
carry seawater are copper based as they combine good corrosion resistance an ,
antifouling properties with reasonable cost. However, some copper base alloys
are more suitable than others and therefore care is needed to select the mos

3.1 Firemain Brazolets

Brazoléts are small cmstinga that can be used to make pérpendiéular
connections in firemain systems. Figure 16 shows a mockup of a section of a|
firemain with varying sizes of brazolets silver brazed to & large 90/10 copper

. Apprbximatelj e}ght months after the launching of the first DDH 280
Tribal Class destroyet. the first fallures of brazolets began to appear
(Pigure 17). -The erosion corrosion problem seemed to be confined to the

L -
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Figure 15 Hotalloguph of aluminum silicon bronze steam valve fitting
. showing desluminification. X150 -

' ’

Pigurs 16 Mockup of firemsin system showing lesded tin bronze :
" brazolets and flanges, silver brazed to 90/10 copper nickel

" pipes. :
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' Figure 17 Eroiion corrcsion of silicon masaﬁese bronze brazolet.
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Figure 18 Crevice corrosion sttack of a stainless steel seawster pump
. shaft, : ‘
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A chemical analysis revealed that brazolets greater tham 2-1/2 inches in
‘diameter were made of leaded tin bronze (UNS C92200) while those less than
2-1/2 inches in diameter were made of silicon mauganese bronze (UNS C87200).
Silicon manganese bronze has been known to have poor resistance to erosion
corrosion for over forty years!©®. All the brazolets less than 2-1/2

inches in diameter had to be replaced and it was a timé consumlng and costly
undertaking.

3.2 Seawater Pump Shaft

A classic example of the dangerous use of components not intended for
seawater applications is shown in Figure 18. This stainless steel (UNS
$34700) pump shaft suffered from crevice corrosion attack and the most severe
part of the attack was not visible with tha pump impeller in place. The
seriousness of this particular potential failure cannot be underestimated
since the reliability of a pump is critical, especially for fire fighting.

It has generally been the policy of the Maritime Command for many years,
to avoid the use of stainless steels in the marine environment. Experience
has indicated that it is difficult to predict how a stainless steel will
behave in a specific application. Because of the nature of the corrosion -
attack that occurs (crevice corrosion), there could possibly be no prior
indication of a problem before the part failsit,

More highly alloyed netals with superior crevice corrosion resistance
such as Incoloy 825 (UNS NO8825) or the monel nickel copper slloys (UNS N0440C
‘and UNS NO5500) would be suitable seawater pump shaft materialsi?.

3.3° PFiremain Pipe.Corrosion

The two primary alloys used in the DDH 280 class firemain systems are
90/10 copper -nickel (UNS C70600) (pipe) and leaded tin bronze (UNS C92200)
(fittings). The Canadian Forces' experience with the 90/10 alloy has been
favourable. There have been, however, a few areas in the DDH 280 class
firemain systems that have experienced ercsion corrosion damage (Figure 19).

The attack occurs at specific aceas as a result of exceaslfa
turbulencel?, .Both the design of the firemain system and fabrication
techniques influence the amount of water turbulence that is produced.

Anolther problem. that has occurred in the past is the introduction of -

_unshitablé and unspecified alloys into the firemain system. One example is a

reducer which was required to connect & 5 inch pipe to a 2-1/2 inch pipe.

.Since a standard reducer could not be found in the stores system, one had to

be fabricated in the shops. The material used was naval brass and the

component lasted six months boforo dczinciflcntlon penetrated tho wull of the
pipe (Figuro 20). :

3.4 Pump Impellers

. Pump impellers in hull and firomain pumps frequontly suffer extensive
ecosion cocrrosion and cnvltation damage in poriods as short as three months
(Figures 21 and 22).

~
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Pigure

20

Dezincification of naval brass reducer.
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Pigure 21

Brosion corrosion and cavitation damsge of bronze pump l-pcllor.




The most common alloy used for impellers is G Bronze (UNS C90300). A
program to find materials with greater erosion corrosion resistance has
identified a cast chromium modified 70/30 copper nickel alloy similar toc
wrought UNS C7190014. Engineering trials have begun with an impeller made
of this alloy, installed in a hull and firemain pump.

In addition, since the serviceable life of an impeller is not only

related to the type of material used, but slso to the operating conditions of

the pump itseif, ships' engineers are encouraged to operate their pumps more
efficiently in order to reduce cavitation.

4. GENERAL
This final section, deals with a variety of corrosion probl:ms that have
been found on Canadian Forces vessels.

4.1 Weld Corrosion in Bilges

An unexpected corrosion problem occurred on all four DDH 280 class
destroyers. A shipyard worker noticed a stream of water coming from the
bolilom of one of the destroyers while it was in drydock. A subsequent survey
of the bilge areas in the ship revealed arces where weld metal had corrnded
away completely (Figure 23). The areas around the weld metal were devoid of
the inorganic zinc coating while further away, the coating seemed intact.

A laboratory investigation showed that the weld metal was anodic to the
plate material. This difference in electrochemical potential combined with
the large cathode to anode area ratio resulted in the galvanic attack of the,
weld metalls.

The problem wcs solved by cleaning and recoating the bilge tanks and
inttal}in; sufficient magnesium anodes to provide cathodic protection.

4.2 Fitting From Helo Hauldown System

A fitting from the helo hauldown system or "Bear Trap” failed as a
helicopter was being winched down onto the flight deck of a destroyer.’ The
midJle link of the assembly fractured at the hole where s shear pin was
located The shecr pin itself did not break (Figure 24).

Tho-fitting was made of nnctenlitlc stainless steel (UNS S43100) with a
.hardness of HRC 40.. A fractographic examination revealed an intergranular

- fracture morphology (Figure 25), while a polishod metallographic cross section

showed & sensitized microstructure characterized by carbide procipitatlon
nlong ‘former austenitic grain boundcrlot (Figure 26).

The link failed as a recult of ctrosa corrosion crackin;. The .

susceptibility of the fitting to stress corrosion crucking was enhanced by its

“sensitized microstructure, which was the rosult of an incorrect heat troatment
at the time of its nnnufncturo“
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Figure 23

Ilgun 24
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Pigure 25

Figure 26
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Based on DREA's recommendation, all fittings were removed from service
and given a corcrective heat treatment. There have been no further failures to
date. :

4.3 Pelican Hooks

‘The pelican hook is part of the quick release mechanism for the twenty
man life rafts carried on board Canadian Forces vessels. A hook on one of the
life rafts failed unexpectedly (Figure 27).

A chemical analysic of the two parts of the hook showed thatione part
- was made of a manganese bronze alloy (UNS C86500) while the part that failed
was made of 2 higher strength manganese bronze alloy (UNS C86300). A
metallographic examination of each part revealed microstructures consistert
with the chemical compositions. The UNS C86500 alloy had alpha needles in a .
beta matrix (HRB 75) while the LNS C86300 alloy had very little alpha phase in
the beta matrix (HRB 98) (Figures 28 and 29). The fracture morphology of the )
surface was totally intergranular. T , , 5

The hook failed as a result of stress corrosionm cracking of the high {
strength alloy (UNS C86300)2?, This alloy is never recommended for use in
a marine environment. An in situ examination was made of all hooks using eddy ]
current instrumentation, to see if other hooks were manufactured from the two
different alloys.

4.4 Corrosion of Aluminum Landing Cra€t Hulls

Severe corrosion has occucred on all of the alu-indl hulled landing
craft. However, the only area which has been nttncked is the aft lower hull
panels above the shaft and propellers (Figure '30).

The hull material is the aluminum alloy UNS A95083 in the H321
_condition. Figure 31 shows the layered corrosion attack typical of
exfoliation.

» o The aluminum alloy UNS A95C83 is a non neat trestsble alloy that
scquires its strength by strain hardening. The H321 designation indicates
that, after strain hardening, the alloy is given a low temperature thornal
treatment to stabilize its -chnnical properties. -

Uhon fabcicating tho plate for the ‘tunnel area of the landing craft the
plate which is received in a stebilized conditlion, is cold rolled. 1t is.
suspected that cold roliing destabilizes the elloy thus inducing s gradual
sgling procoss, which makes the alloy uulcoptablo to oxtollatlon
corrocion"

A project has been initisted to determine if this destabilization does
occur and whether it cen be halted with s second thermal treatment.

~ The key to combating corrosion in (ho.CanAd!an Porces requires an
. improvement in two areas, education and connunlgatloa;--ralluco analysis is

_~20-
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very important but of equal importance is corrosion training. Corrosion

. training should be given as extensively as possible. The more personnel
aware of even the elementary fundamentals, the more chances there are of
preventing what can only be described as the “careless" corrosion problen.
Recognizing that training is costly and that it would be impractical to
educate everyone, it should be possible to ensure that all personnel are
aware of who they can . go to for assistance and that they are encouraged to
do so.

A s e ke & @ s s commem ® s s

. The other aspect involving corrosion control is not scientific but
‘can be as equally important as education: communication. The sequence of
reporting of problems, failure analyses and the implementation of
recommendations could be greatly assisted with an improvement in
communications. All persornel must be informed of the role they have to
play, who are the immediate team players and what are their
responsibilities. '

"All of the corrosion problems discussed in this paper can be
eliminated or reduced a significant degree using modern corrosion control
practices. These case histories reflect some of the problem areas
identified in the introduction and can also be seperated into the two broad
problem areas of educaticn and communication. The corrosion in the waste
heat and auxilary boilers could have been avoided in the initial design of
the systems. The stainless steel pump shaft, which suffered from crevice
corrosion, is an excellent example of a piece of equipment that is

. _ satisfactory for most industrial applications but is unsuitable for use in
a marine environment. Finally the example of the dezincification of the
naval brass reducer is typical of the problems that are encountered.when
material substitutions are made without consultation.
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Figure 29
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Figure 31 Layered attack typical of exfoliatiou"'éoréosion of aluminum

alloys.
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